Do females vary in quality then?
Yes, they do. Indeed, there has been renewed interest in the whole idea of male mate choice over the last decade or two, and not just in sexrole reversed species (where males are the limiting sex and females compete amongst themselves for male partners). However, the focus has been mainly on pre-copulatory choice. For males, what is most important is if females vary in how many eggs they have available for them to fertilise. If a female has lots of eggs to fertilise, it may pay a male to make sure he passes enough sperm to fertilise those eggs. If a female has few or no eggs, then males may be best served not inseminating that female and saving sperm for other females.
Don't males always have lots of sperm?
That is the stereotype, but it is a bit of a myth really. Whilst individual sperm may be cheaper to produce regimes given (at some point) a common starting place.
Lailvaux does strong service to scaling analyses in the context of performance too. The discussion of gigantothermy is particularly interesting, exploring the cost-benefi t analysis of leveraging giant size to handle thermoregulation. The ghost of J.B.S. Haldane is somewhere in the ether nodding approvingly that we have remembered his admonitionsyes, we have not forgotten that the eagle is larger than the sparrow, and the hippopotamus larger than a hare, despite the failure of zoology textbooks to tell us these things (although, to be fair, maybe most of them do now).
Some of the physiology supporting performance is extraordinary. I was fascinated to learn that mammals consume 30% less energy when raised in a sterile environment -I had never considered a direct conversion of immune system costs to calories. This leads to all sorts of interesting questions and makes the struggle between host and parasite very real.
Lord Kelvin famously said, "when you can measure what you are speaking about, and express it in numbers, you know something about it, when you cannot express it in numbers, your knowledge is of a meager and unsatisfactory kind". Performance turns out to be a good lens for mechanistic and evolutionary questions for just this reason: by measuring relevant metrics, such as maximum speed, bite force, jump height, shrimp spearing appendage acceleration, and then placing them in a broader analysis, one can bring numbers to bear on a whole host of systems and thereby address big-picture questions and drill down on mechanisms.
Of course, there are lots of issues with gathering these numbers. In perhaps the most controlled case, a laboratory, to what extent can each lizard be 'motivated' to run maximally each time? Statistically, how does this sampling estimate the true, maximum possible speed? Lailvaux, to his credit, openly and honestly portrays the failings and limitations of the fi eld, in this area and others. He fully acknowledges that, while the control and repeatability afforded by laboratory measures have been a boon to the fi eld by allowing investigators to compare results, it is certainly apparent that more validation with fi eld work is necessary. Otherwise, these results may have little bearing on the actual selective processes that are at work.
But more and more numbers are coming from the fi eld. New technologies are yielding much richer data sets from freely behaving animals in the wild, and Lailvaux covers the latest developments. We now know the benefi ts to wild dogs of cooperative hunting and have more direct measures with which to understand why birds fl y in formation.
The book is structured well -not that it really matters, all of it is remarkable and the gems of unbridled humor are spread evenly throughout. The book explores the potentially more accessible and thoughtprovoking, ultimate big-picture questions in the fi rst half and more mechanistic research in the later chapters. Thus, some of the more nitty-gritty mechanisms are kept until later. Though perhaps slightly lengthy and in-depth in places for a popular book, the long text is worth it to have a comprehensive look at this fascinating perspective.
The fi nal chapter addresses performance in humans. Lailvaux moves through a well-threaded and diplomatic introduction to crack on with our putative place in the performance world -as endurance hunters. Our novel heat-loss method, sweating, turns out to be so good that we are now making bioinspired robots that use it to keep cool. Maybe we should keep just one trick up our sleeve?
The book is frequently hilarious. The irreverent, youthful but worldly style will have you blurting out your coffee more than once. From "the animal equivalent of belligerent Morris dancing" to describing the work of "pea enthusiast" Gregor Mendel, it makes for a clever, entertaining read. There is something for just about everybody here, from specialist to the interested public -and many biologists may fi nd links to new areas to consider. With its holistic approach and giddy enthusiasm over high-speed cameras and the latest gadgets, the book captures the ethos of a subset of researchers. Highly recommended for anyone who wants to know a bit more of the fascinating world of science behind the dexterous and amazing feats we are fortunate to see on shows like Planet Earth.
R1178 Current Biology 28, R1171-R1189, October 22, 2018 than individual eggs, ejaculates themselves may be very costly. Moreover, there is good evidence from all sorts of different species that males can run out of sperm, for instance if available females come in groups, or if one male is a very popular mating partner for many females (Figure 1) . Thus, while males may typically be selected to mate more frequently than females, and sperm wastage will no doubt occur in many cases, sperm are not indefi nitely cheap.
How can males exert choice?
If females vary in quality in some waysuch as how many eggs they have or how good a parent they might beand that quality can be discriminated by males due to variation in female phenotype, then males could decide to pass fewer or more sperm to females. Alternatively, males may choose to provide less courtship, smaller nuptial gifts or fewer accessory gland materials to females during or after copulation. This reduction in male copulatory investment may lead to females using fewer of the male's sperm. However, cryptic male choice is probably going to be mainly about how many sperm to ejaculate, or not ejaculating at all.
Do you mean that males might start to copulate and then not ejaculate?
Exactly, which does seem unusual! When we think of the effort males typically have to put in to compete for and be attractive to females, it may seem strange to then decide not to actually pass any sperm to the female. However, males choosing not to ejaculate may explain 'mating failures' seen in insects, such as seed bugs, where potentially high proportions of copulations 'fail', with no sperm being passed.
Why choice after copulation? Ideally, males would be able to assess females before copulating, for instance by estimating fecundity by body size or an indicator of good condition, like not being too thin. However, there may be occasions when a male cannot assess fecundity or other components of quality, including genetic compatibility, without literally getting to grips with the females and beginning copulation. In such cases, we may see cryptic male choice.
Why hasn't cryptic male choice been studied much before?
Put simply, cryptic male choice may well interact with all sorts of other processes and be very hard to disentangle. For instance, males vary the number of sperm they ejaculate to females -a process called 'strategic sperm allocation'. Often, this strategic sperm allocation arises in response to the number of competitors that may inseminate a female, and so determine the extent of sperm competition (i.e. the number of different ejaculates) inside the female. Males can choose to increase or decrease the size of their ejaculate depending on the level of sperm competition. The complication arises if female phenotype also infl uences the degree of non-randomness in sperm allocation of males. This might happen -as we have seen -if females differ in quality. However, a high-quality female may also be attractive to all males, and so a high-quality female may also attract the highest intensity of sperm competition, and so disentangling male choice and male investment in sperm competition will be challenging.
In addition, the females themselves may be involved. Females can bias their acceptance and use of sperm. One way they can bias sperm use is by making more eggs available for the sperm of a particular male; this means that the value of the female as a resource for the male will depend in part on that male himself, for instance his own quality, including his ejaculate size or quality. Disentangling what is going on in terms of who is choosing what will be tricky and require ingenious experiments! How do traits beyond sperm infl uence cryptic male choice? Again, it can be complicated (Figure 1) . Males Top left: sperm is not always cheap or plentiful, as successful fallow deer bucks may become sperm depleted through repeated matings (photo: Johann-Nikolaus Andreae; CC BY-SA 2.0). Top right: male and female choice interact. Male Panorpa cognata scorpionfl ies decide how big a nuptial gift to provide to females during mating; since nuptial gift size determines how many sperm a female will accept, a male's choice of gift size infl uences the number of sperm passed (photo: Hectonichus; CC BY-SA 4.0). Bottom left: male Calopteryx damselfl ies invest in postcopulatory mate guarding to protect their ejaculate investment; this can lead to cryptic male choice if males bias their mate-guarding towards particular females (photo: Piero Fariselli). Bottom right: parental care can infl uence cryptic male choice. Male Rhinocoris tristis bugs prefer to mate with more fecund females, whose eggs they then protect. Males can also choose to eat the eggs though, biasing this egg cannibalism towards the eggs of lower quality females (photo: James Gilbert). Current Biology 28, R1171-R1189, October 22, 2018 © 2018 Elsevier Ltd. R1179 may increase investment in non-sperm traits non-randomly with respect to their female partner in order to increase uptake or use of their sperm. Here the interaction between male and female mate choice may be clearer. In other words, mutual mate choice may occur. As mentioned, male traits may include courtship or seminal fl uid products that infl uence sperm use. However, males can also guard females after insemination, and they may choose to vary this mate-guarding with respect to female quality (Figure 1) . For cryptic male choice to be at work, males need to behave non-randomly with respect to the females they are interacting with, and not just trying to 'max out' every copulation attempt. As we explore cryptic male choice more, we may well discover unexpected subtleties in male sexual strategies.
Is there cryptic female choice too?
Yes, of course. Cryptic female choice arises when aspects of a female's reproductive behaviour, anatomy, or physiology mean that, during or after copulation, male fertilisation is non-random with respect to male phenotype. For instance, elongated female reproductive tracts may select for faster swimming or more viable sperm, or females may eject sperm after mating with a disfavoured male. Like cryptic male choice, cryptic female choice is cryptic because it often happens inside the female, and so is diffi cult to observe or infer. Cryptic female choice is now a wellestablished idea, although clear-cut examples are still few.
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